Background and Objectives Herpes zoster (HZ) and its most frequent complication, post-herpetic neuralgia (PHN), have been shown to considerably impact quality of life (QoL). This has not yet been demonstrated in Japan. Methods QoL in HZ and PHN patients was evaluated using the Zoster Brief Pain Inventory (ZBPI), EuroQoL-5 Dimension (EQ-5D), Short-Form 12 version 2.0, and shortform McGill Pain Questionnaire up to 270 days after rash onset as part of a prospective, observational, cohort study conducted in Kushiro, Hokkaido, Japan. Results This study involved 412 adults C 60 years of age diagnosed with HZ, 38 of whom developed PHN. QoL in daily activity performance and emotional and physical functioning was impaired at Day 0 (rash onset) and almost resolved by Day 90. Although the mean ZBPI worst pain score for HZ patients without PHN improved from 4.1 at Day 0 to 0.1 at Day 90, the score for HZ patients with PHN at Day 90 was comparable to that for HZ patients without PHN at Day 0. While the EQ-5D score in HZ without PHN improved, on average, from 0.755 to 0.949, the score for HZ with PHN was dependent on PHN duration and did not improve until PHN disappearance.
Introduction
Herpes zoster (HZ) occurs when varicella-zoster virus (VZV) reactivates due to waning of cell-mediated immunity. More than 90% of the Japanese population is infected with VZV by 20 years of age or older [1] and therefore have a 30% lifetime risk of HZ [2] . HZ-related pain resolves by approximately 90 days for many patients with HZ, but approximately 20% of them will develop post-herpetic neuralgia (PHN) [3] , debilitating, long-lasting pain that can continue for months or years and which therefore requires long-term pain management.
Annually, approximately 500,000 individuals in Japan aged 60 years or older develop HZ [3, 4] , and this number is expected to increase due to aging of the population, with an expected increase in the number of patients aged C 60 years from 40 million (32%) in 2012 to 45 million (41%) by 2050 [5] . Even with treatment, HZ patients may experience pain for a prolonged period of time [6] , and almost half of HZ patients aged over 70 years were shown to experience pain persisting for more than 1 year [7] . Indeed, the risk of HZ recurrence increases with age [8] .
A number of studies in different countries reported a significant negative impact of HZ and PHN on patients' quality of life (QoL) and that pain experienced due to the disease interfered with many aspects of the patient's daily life [9] [10] [11] . In addition, the presence of PHN was associated with a greater impact on most domains of QoL [12] [13] [14] [15] . However, to date, data on QoL in HZ patients are very limited in Japan [16] . Cultural differences have been known in patient-reported outcomes across countries [14, 17] . Whether similarity or difference in the outcomes is observed in Japan compared with other countries is not known. The present study assessed the impact of HZ and PHN on the QoL of adults aged 60 years or older in Japan.
Subjects and Methods

Study Design
The QoL data were collected as part of a prospective, observational, multicenter, physician practice-based cohort study of people aged 60 years or older conducted in Kushiro, Japan, between June 2013 and February 2015. The details of the study have been published elsewhere [18] . Study participants were recruited among patients presenting at seven dermatology clinics or hospitals, and HZ was diagnosed by the physician at the initial consultation or at a subsequent visit within 7 days of the initial visit. The maximal duration of the study for each patient was 270 days from the initial visit. At 90 and 180 days after the initial visit, patients with a pain score of 0 were considered as having completed the study. PHN was defined by the presence of HZ-associated pain rated as C 3 in response to item 3 of the Zoster Brief Pain Inventory (ZBPI) questionnaire [19] , persisting or appearing more than 90 days after onset of the HZ rash. Only HZ patients who were considered to comply with the protocol requirements (e.g. complete the booklets by themselves) were included in the study. 
Quality-of-Life Questionnaires
QoL data were collected through several questionnaires used previously in other studies in HZ patients [10] [11] [12] [13] [14] [15] . The first questionnaire survey on QoL of patients with HZ was conducted at the study site, while the remaining surveys were performed through self-administered questionnaires at 15, 30, 60, 90, 120, 150, 180, 210, 240 , and 270 days after the initial visit. Data from the ZBPI and the EuroQoL-5 dimension (EQ-5D) questionnaire were collected at all time points specified above, while data for the Short-Form 12 version 2.0 (SF-12) were collected at 0 and 90 days after the initial visit, and data for the short-form McGill Pain Questionnaire (SF-MPQ) were collected at the initial visit.
The ZBPI questionnaire was used to quantify HZ pain and its related interference with seven functional statuses: general activity, mood, walking ability, work, relations with others, sleep, and enjoyment of life [19] . Pain was rated between 0 (no pain) and 10 (pain as bad as you can image), while interference was also rated between 0 (does not interfere) and 10 (completely interferes).
The EQ-5D 3-level scale [21] was used to assess the following five dimensions: mobility, self-care, usual activities, pain/discomfort, and anxiety/depression, with each dimension having three levels: no problems, some problems, and extreme problems. The level for each dimension was combined to generate a health profile and then converted to a continuous single utility score between 0.000 (worst imaginable health state) and 1.000 (best imaginable health state). In the present study, the Japanese Time-Trade-Off EQ-5D value sets were used to generate the utility score [22] .
The SF-12 was used to assess eight QoL domains: physical functioning (PF), role-physical (RP, role limitations due to physical problems), bodily pain (BP), general health (GH), vitality (VT), social functioning (SF), roleemotional (RE, role limitations due to emotional problems), and mental health (MH) [23] . From these domains, the physical health component score (PCS) and mental health component score (MCS) were computed. A standardized Statistical Analysis System (SAS) macro was used to perform the scoring [24] , and the score for each domain was expressed between 0 (worst health state) and 100 (best health state). The component summary score was represented by a norm-based scoring having means of 50 and standard deviation (SD) of 10 in the general Japanese population.
The SF-MPQ measures diverse dimensions of pain using a set of descriptors of both the sensory and affective dimensions of pain [25] .
Statistical Analyses
The first day of onset of HZ rash was defined as Day 0, consistent with the analysis of Coplan et al. [19] . To be included in the analysis as Day 0, the first questionnaire must have been filled in within 7 days after onset of HZ rash. Questionnaires at other time points were considered evaluable if they were filled out within the time windows detailed in Table 1 .
Compliance with questionnaire completion was evaluated at each time point as the percentage of patients with at least one evaluable questionnaire out of the number of patients who were still in the study at the respective time point. Patients could be included in the analysis with only one questionnaire in total at any time point. Additionally, the missing questionnaires were assumed to be missing at random.
In a post hoc analysis not planned in the study protocol, patients developing PHN were separated from the group of all HZ patients, and mean ZBPI and EQ-5D scores over the first 3 months were estimated separately for the group of HZ patients not developing PHN and those with PHN.
Descriptive statistics (e.g. mean and SD) were presented for the multi-item SF-12, EQ-5D, and ZBPI scales, as well as the SF-MPQ, for four age groups (60-64, 65-69, 70-79, and C 80 years) and overall over time using SAS version 9.2 (SAS Institute Inc., Cary, NC, USA). The KaplanMeier estimates were used to measure the duration of PHN.
Results
Overall, 412 HZ patients, including 38 (9.8%) PHN patients, were included in this study. Patients had a mean age of 71.7 years and approximately 60% were female (Table 2) .
Completion rates were higher than 80% for all time points for all questionnaires, except for Day 240 for ZBPI and EQ-5D, where the completion rate was slightly lower (73.3%). The mean delay between initial HZ rash onset and first clinical visit was 4.4 days (range 0-26). Approximately 90% of patients visited the doctor B 7 days after HZ rash onset.
The mean ZBPI worst pain score at Day 0 was higher in the 38 patients who developed PHN (5.8) than for the 374 HZ patients who did not develop PHN (4.1) (Fig. 1) . HZassociated pain interfered with all ZBPI activities of daily living (ADL) dimensions, especially sleep, mood, general activity, and enjoyment of life (Fig. 2) . Although both ZBPI pain and ADL scores for HZ patients without PHN had almost improved by Day 90, the scores for HZ patients with PHN at Day 90 remained high and were the same as or higher than the scores for HZ patients without PHN at Day 0. All the mean ZBPI worst pain scores in this study are presented by age and study period (see Table 3 ). The median duration of PHN was 185 days (interquartile range 134-274). Overall, 34% (95% confidence interval 0.21-0.54) of PHN patients still had PHN at Day 270.
At onset of rash, 13.1% of all patients reported tender pain classified as severe, 8.7% reported severe throbbing pain, 6.1% reported severe sharp pain, 5.6% reported severe shooting pain, and 5.1% reported severe stabbing pain (Fig. 3a) . When patients described their present pain SD standard deviation, HZ herpes zoster, PHN post-herpetic neuralgia, N total number of patients, n number of patients (among the total) intensity at the onset of rash, 12.6% reported no pain, 25.7% reported mild pain, 28.2% reported discomforting pain, 17% reported distressing pain, 10.2% reported horrible pain, and 2.2% reported excruciating pain (Fig. 3b) . The mean utility score at Day 0 was lower (representing worse QOL) in HZ patients with PHN (0.679) than in HZ patients without PHN (0.755) (Fig. 4) . While the mean score in HZ patients without PHN improved to 0.949 at Day 90, the mean score at Day 90 in HZ patients with PHN was comparable to scores for HZ patients without PHN at Day 0. EQ-5D scores were similar to ZBPI pain scores as they did not appear to improve over time in PHN patients. All the utility scores in this study are presented by age and study period (see Table 4 ).
The SF-12 scores in all eight domains and two summary components were higher at Day 90 than at Day 0, representing an improvement in QoL (Fig. 5) . However, in the C 80 years age group, decreases in PF (from 66.1 to 61. 
Discussion
To our knowledge, this is the first study assessing the impact of HZ and PHN on QoL in Japan. Our study demonstrated that HZ impaired QoL, impacting sleep, mood, general activity, and emotional and physical Table 3 . HZ herpes zoster, PHN post-herpetic neuralgia, ZBPI Zoster Brief Pain Inventory Table 4 . HZ herpes zoster, PHN post-herpetic neuralgia, EQ-5D EuroQoL-5 Dimension Table 4 Estimated EQ-5D utility scores by age group over time 60-64 years Several studies have reported the negative impact of HZ and PHN on QoL using the ZBPI [10] [11] [12] [13] [14] [15] 26] , as well as generic QoL measures such as the EQ-5D [10] [11] [12] [13] and SF-12 [10, 26] . Increased levels of pain have known to be associated with increased levels of interference in ADL, such as sleep, mood, and general activity [10, 27, 28] . In a Japanese study, the QoL of HZ patients was evaluated using the Dermatology Life Quality Index and the SF-36 at rash onset, week 1, and week 2. The results of that study suggested that valaciclovir hydrochloride therapy for HZ not only improved skin symptoms and pain but also patients' QoL [32] .
A prospective study in Taiwan by Tsai et al., which assessed the severity and duration of HZ-associated pain and QoL, found that among patients aged 50 years or older, the mean ZBPI worst pain score improved from 5.95 at rash onset to 1.04 after 90 days [11] . The reported pain scores in our study were slightly milder than those in that study, which might be caused by differences in patient characteristics such as hospitalization rate (3.4% in our study vs. 20.7% in the Taiwanese study) [11, 18] .
The ZBPI pain scores remained higher for HZ patients who developed PHN for longer periods than for HZ patients who did not. This agrees with previously reported data for HZ and PHN patients aged 50 years or older that were conducted in European countries and Canada [14, 15, 29] .
The presence of pain has consistently been shown to significantly interfere with patients' health-related quality of life [10, 30, 31] . Among Asian populations, a prospective study in South Korean adults with HZ who were older than 50 years of age showed that all ZBPI-assessed ADLs were impacted by the pain experienced, and that the interference increased with the intensity of the reported pain [32] . Again, comparing our results with the prospective study by Tsai et al., larger values for mean interferences in HZ patients for all ADLs were observed at rash onset [11] , in parallel with the pain intensity. In addition, a review of studies assessing the humanistic burden of HZ in the EU summarized mean levels of pain interferences by ZBPI ADL scores ranging from 1.7 to 4.9 in HZ patients, and from 1.7 to 6.5 in PHN patients [9] . These differences warrant further investigation, but patients with different cultural backgrounds have been suggested to report discrepant levels of pain or ADL in HZ patients [14] .
Similar to a post hoc analysis of the ARIZONA study [33] , physical functioning at Day 0, evaluated using the SF-12, appeared to decrease with age without any age-related changes in pain levels, possibly related to comorbidities associated with aging rather than HZ infection per se. This should be carefully interpreted.
The strength of this study is its prospective study design with PHN case definition based on the validated ZBPI questionnaire, which accounted for various degrees of pain intensity [19] . One of the limitations of our study was that patients were limited to those who agreed to provide written informed consent and responded to the questionnaire survey. Thus, non-respondents and selection biases may have affected the overall results. In addition, there were variations in the observation period, and some patients may have had pain scores C 3 at a later time point beyond their observation period, resulting in these scores not being captured in this study. This may have led to an underestimated duration and proportion of PHN.
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